The use of ultraviolet radiation-curable coatings (UV-coatings) has increased rapidly in the parquet and furniture industry. Work with UV-coatings involves risk from skin exposure to chemically reactive, concentrated acrylates that are known skin contact irritants and sensitizers. Yet, the methods and tools for measuring and quantifying dermal exposure from hazardous chemicals directly on the skin are limited and methods to measure skin exposure to UVcoatings in occupational or environmental settings have been lacking. Skin exposure to UVcoatings was measured employing a quantitative tape stripping method that we have developed for this purpose. A pilot study was performed at three workplaces. In the main study, workers' skin exposure to uncured UV-coatings was measured at seven workplaces and on two separate workdays (rounds 1 and 2) within a six-month period to determine exposure variation. Skin exposure was measured at four standardized sites on the hand, 3-4 times per work shift. The forehead was sampled once. A questionnaire was carried out with the workers in both rounds to find out factors that can affect skin exposure to UV-coatings.
INTRODUCTION
The use of ultraviolet radiation-curable coatings (UVcoatings) has increased rapidly in the furniture and and the solvent emissions in the process are negligible. A drawback is the need for investment in relatively complicated and therefore expensive coating lines.
The wood surface coating industry is the dominant sector, with over 50% of the market using UV-coatings in Europe (Pernell, 1996) , and a doubling in the use of these coatings is predicted during the next 10 years (Bankowsky et al., 1999) .
UV-coatings are usually free from evaporating solvents, but contain reactive and biologically active multifunctional acrylates (MuFAs). Commonly used UV-coatings are composed of three basic components: an acrylate prepolymer (for example urethane acrylate, polyester acrylate); a MuFA monomer (for example tripropylene glycol diacrylate, TPGDA, and a photoinitiator system (for example benzophenone, benzil dimethyl ketal) (Allan et al., 1991) .
New water-based acrylate coating systems have been introduced, but it is assumed that the use of water-free MuFAs in the coatings will dominate and continue to grow due to their better economy, suitability and versatility over other coating systems (Bankowsky et al., 1999) .
Acrylates are well known as skin contact irritants and sensitizers and they can induce respiratory hypersensitivity leading to asthma (Björkner, 1984; Piirilä et al., 1998) . Acrylates are also known to have crosssensitizing ability (Rustemeyer et al., 1998) . Exposure to acrylates and their additives has caused sensitization and allergic and irritant contact dermatitis in different occupations (Kanerva et al., , 1996 Kiec-Swierczynska, 1994; Ranchoff and Taylor, 1985; Rustemeyer and Frosch, 1996; Taylor, 1989; Tosti et al., 1993) .
In Sweden, there are about 50 facilities that employ the technique of UV radiation-curable coating on wood products and approximately 350 workers are potentially exposed to UV radiation and UV-curable coatings (Nylander-French et al., 1994a) .
The use of MuFA-containing UV-coatings has brought new risk factors to the workplaces in the wood surface coating industry. There are few studies related to work with wood products coated with UVcoatings (Nylander-French et al., 1994a; Voog and Jansson, 1992) and dermatological risks with UVcoating work (Fischer et al., 1994) , but dermal exposure measurement studies have been lacking. In our previous study in the wood surface coating industry we found that high-intensity UV radiation emitted from improperly shielded UV-curing units involves a potential health risk to workers (Surakka et al., 1997) . During this investigation, we noticed that workers' skin was often contaminated with uncured UV-coatings. However, dermal exposure measurements in the wood surface coating industry were missing.
In general, simple MuFAs are considered to be less toxic, but more potent contact sensitizers, than monofunctional acrylates. TPGDA is known to be both an allergen and an irritant to the skin, and is classified as a skin sensitizer in Finland (Anon., 1996a) and a strong skin irritant in Sweden (Anon., 1996b). There is no occupational exposure limit for TPGDA, but some monofunctional acrylates, such as ethyl acrylate and methyl acrylate have a skin notation (ACGIH, 1999) .
There is a lack of studies concerning skin exposure to UV-curable acrylates, although they are widely used both in wood surface coatings and in other industries. Although some cases of workers' skin sensitization to MuFAs have been evaluated Kanerva et al., 1995) , the tools to measure dermal exposure to MuFAs remain few. Workers' dermal exposure assessment methods have historically been focused on pesticides and toxic metals (Ness, 1994; Reinert et al., 1986) .
TPGDA is the most commonly used multifunctional acrylate in UV-coatings (Bankowsky et al., 1999) , and like other multifunctional acrylates it has low vapour pressure and low water solubility. Like UV-coatings, this acrylate remains for long periods on the skin after deposition. With this in mind, a quantitative method for measuring skin exposure to UV-coatings in the wood surface coating industry has been developed (Surakka et al., 1999) .
The purpose of this study was to investigate the dermal exposure of workers to UV-coatings in the wood surface coating industry. Furthermore, we wanted to investigate factors that may affect dermal exposure during UV-curing line work.
MATERIALS AND METHODS

Wood surface coating industry and UV-curing lines
UV technology and UV-coatings are used in the parquet and furniture manufacturing industry to coat flat wood surfaces. A typical UV-curing line includes one or more sanding machines, cleaners, roller-coating machines and UV-curing units. The manufacturing process can be divided into two parts: (1) surface coating of an object, and (2) UV-radiation curing of the coating (Fig. 1) . This application method can be employed both for lacquers and for pigmented paints. Other application methods such as spray coating and curtain coating also exist for water-based coating systems.
UV-line workers have three typical work tasks. Feeders, at the beginning of the line, feed the flat wooden materials to the conveyor line. The UV-line controller is responsible for filling the UV-coating containers manually, as well as controlling the quality of the coating process and function of the roller-coating units at the UV-line (Fig. 1) . Finally, receivers pick up and load the finished wood at the end of the conveyor for further processing, storing or packing to the customers. In most workplaces UV-line workers were rotated between the work tasks to provide variety in their jobs. The type of working clothes and the Dermal exposure to UV-curable acrylates use of personal protective equipment at each working place were notified in both field measurement rounds.
Pilot study
In the pilot study of 13 workers located at three workplaces in the furniture industry, we measured skin and surface contamination due to TPGDA-containing UV-coatings by employing the recently developed tape sampling method (Surakka et al., 1999) . These workplaces participated also in the main study. Skin samples were taken from the hand and lower arm where we assumed or could observe contamination from UV-coatings. Contamination samples were collected from surfaces that were regularly touched by workers. We took samples from control wheels, push buttons, handles, tools, from the skin beneath damaged disposable gloves and from the protective gloves after work with the UV-coating.
At workplace 1, UV-coating in a roller-coating unit accidentally overflowed and the workers had to perform emergency work to clean the large spill from the floor. Skin sampling was performed for each worker during this task. In addition to this, we tested the effect of a single-press contact of the thumb with a contaminated surface to observe the extent of UVcoating transfer onto the skin.
Skin exposure measurements in the main study
We investigated the dermal exposure of workers to UV-coatings containing TPGDA both at furniture and at parquet manufacturing plants. All the workplaces were running two shifts (morning and evening) at full production; five of them produced furniture and two manufactured parquet. The workers' skin exposure to uncured UV-coatings was measured on two separate workdays (rounds 1 and 2) within a six-month period. Except for workplace 6, the measurements were performed during the same shift of both rounds.
In the first measurement round, skin exposure was measured for 23 UV-line workers at seven workplaces and in the second round for 20 workers at six workplaces. Reference samples were collected from office workers who did not come into contact with UV-coatings. In the first round, four, and in the second round three reference workers were used. During round two at workplace 1, a new TPGDA-free UV-coating was tested at some roller-coating units and also at workplace 6.
Relative humidity and temperature were measured in the middle of the work shift at each workplace using a thermo-anemometer (Alnor GGA-65P, The Studsvik Group, Turku, Finland).
Skin sampling and sample analysis
Skin exposure to UV-curable coatings was measured at four standardized sampling sites: (1) the thumb; (2) the middle finger; (3) the palm; and (4) the back of the dominant hand (see Fig. 2 ). These sites are representative of hands-on contact with coated surfaces and thus represent areas of high probability for occupational skin contamination (Ness, 1994). In addition, a single sample from the worker's forehead was taken at the end of the work shift. Skin sampling was repeated three or four times per work shift: at the beginning of the work shift (Moment 1); after 2-3 h of work (Moment 2); after a break (Moment 3); and at the end of the work shift (Moment 4). Workers were asked to work as usual at the UV-curing line.
Skin exposure was monitored by employing the tape sampling method using Fixomull ® tape (on a sampling area of 10 cm 2 ), which is suitable for the measurement of contamination from TPGDA and UV-coating on skin and other surfaces (Surakka et al., 1999) . Our previous work has indicated that the first stripping removes, on average, 66% of the applied UV-coating dose (2 µl) from the skin after 30 min deposition time. Clean tape pieces were stored and transported in clean plastic bags and in small cardboard containers to the workplaces.
Skin sampling was performed in a standardized manner: the tape piece was applied and gently pressed over the sampling point and after two minutes removed with a slow constant force by tweezers from the skin. The tweezers were rinsed in acetone before and after each sampling and a new set of disposable vinyl gloves was used with each worker to avoid cross-contamination. Sampling tape was handled by its outside perimeters when placed into the labelled wide-mouth 20 ml scintillation vial. Samples were extracted for 30 min in acetone and analysed in a gas chromatograph (HP 5880A; Hewlett-Packard, Waldbronn, Germany), equipped with an HP 7671 autosampler, a splitless injector, capillary column (DB-5.625, 30 m, 0.32 mm ID, 1.0 µm film thickness, J& W Scientific, Inc., California) and a flame ionization detector (FID) according to the method described elsewhere (Surakka et al., 1999) . Samples from reference workers were treated and analysed accordingly. The determined limit of detection (LOD) for TPGDA in a sample is 9 µg. All of the results are given for the standard sampling area of 10 cm 2 .
Questionnaires for the workers. Questionnaire and interview of the UV-curing line workers was performed at both measurement rounds to ascertain the habits of workers related to skin exposure. In the questionnaire the workers were asked about, for example, the use and the type of protective gloves, the number of hand washes per shift, changing frequency of work clothes, and if the workers had themselves observed dermal exposure to uncured UV-coatings.
Airborne exposure to TPGDA and HDDA. Airborne exposure to multifunctional acrylates was monitored for 18 UV-line controllers during the first measurement round employing personal sampling. Airborne vapours were collected via OSHA Versatile Sampler Tubes (OVS; cat. No. 226-56, SKC Inc., USA) with a personal sampling pump (SKC Aircheck 50, SKC Inc., USA) operating at a nominal sampling rate of 2.0 l. min Ϫ1 . The sampling time was 8 h. The samples were sealed and sent for analysis of TPGDA and HDDA (1,6-hexanediol diacrylate), according to a published analysis method (Nylander-French et al., 1994b) , at Tampere Regional Institute for Occupational Hygiene, Finland within two weeks of sampling.
Video monitoring of the representative UV-line workers was carried out during the work shifts at both measurement rounds to analyse work tasks and handling of UV-curable coatings at the workplaces.
UV-coatings.
UV-coatings used at the workplaces were delivered by three industrial coating manufacturers, namely Akzo Nobel Industrial Coatings AB, Becker Acroma AB (both from Sweden), and Tikkurila Oy, from Finland. According to the material safety data sheets (MSDS) the UV-coatings contain TPGDA at concentrations from 5 to 55%, and in typically used top coatings at 45-55%.
Statistical analysis. Statistical analyses were performed using the Excel (Microsoft Inc.) and SPSS programs with 95% confidence limits (CL). A twotailed Student's t-test for independent samples was used for comparison of mean skin exposure level to UV-coatings between the measurement rounds, the industries and work groups. An analysis of variance (ANOVA) test was used to compare the mean skin exposure between workplaces, sampling intervals, sampling sites, the type of protective gloves used and hand-wash frequency.
RESULTS
Pilot study
In the pilot study, 56 skin samples were collected from 13 workers and 30 samples from contaminated surfaces at three workplaces employing the tape sampling method. At workplace 1, 4-6 skin samples were obtained from each of three workers; at workplace 2, from 2 to 4 samples from eight workers; and at workplace 3 from 6 to 9 samples from two workers.
Skin exposure to UV-coatings was found at all the workplaces and from 12 out of the 13 workers. The average TPGDA mass on the skin of the workers at workplace 1 (accident) was 483±683 (standard deviation, SD) µg, at workplace 2, it was 34±28 µg, and at workplace 3, the mass was 15±50 µg. TPGDA mass, on a 10 cm 2 sampling area of skin, varied from 2110 µg on the lower arm of the most contaminated worker at workplace 1, to 15.6 µg on the palm of another worker, who worked with greater care. At workplace 2 we found up to 221 µg TPGDA, and at workplace 3, where only one worker had skin contamination, up to 28 µg.
UV-lacquer contamination of surfaces, due to spills and contamination transfers, was commonly found at the workplaces. We collected from 7 to 13 surface samples at each of the three workplaces. TPGDA was found in all the samples at the first two workplaces, and in 8 out of 13 samples at workplace 3. The average TPGDA mass at workplace 1 (accident) was 308±342 µg, at workplace 2 it was 168±258 µg and at workplace 3 the average was 130±245 µg. We could determine 30 µg of TPGDA from the skin underneath a damaged disposable vinyl glove. A single-press contact with a contaminated surface effectively transferred UV-coating onto the skin of the thumb, where 325 µg of TPGDA was found.
Main study: skin exposure measurements to UV-coatings General information about the study material in the main study is summarized in Table 1 .
We collected altogether 664 skin samples, of which 383 were from 23 UV-line workers in the first round and 281 samples from 20 workers in the second round. During the second round, the sample population was reduced by one workplace (6) and by four workers, but six new workers participated in the study during the second round as a whole. The average age of the workers was 32.4±10.5 years; for the men alone it was 29.5±5.8 and for the women 47.9±10.3 years.
Skin contamination was found on 16 out of 23 workers at 6 of the 7 workplaces. During the first round 13 workers (8.6% of the samples) had contamination on their skin and during round two three workers (1.1%). We did not find contamination from the same worker sampled in both rounds. The average TPGDA mass on the positive skin samples (n = 36) was 30.4 µg and for the first and second rounds it was 30.6 µg and 28.3 µg, respectively.
The skin exposure level at workplaces varied from 0 (workplace 7) to 201 µg per sample (workplace 1) ( Table 2 ). All the skin samples collected from the office workers, who served as references, were free of TPGDA.
The highest TPGDA mass, 471 µg, was found from worker 2, at workplace 1 during round one (Fig. 3) . Without the exceptionally high value for worker 2 the average TPGDA mass on the skin for the contami- nated workers was 17.8±14.9 µg. UV-line workers were divided into two categories based on their job title and task-(1) controllers and (2) other workerswho rotated as feeders and receivers. In round one, skin contamination was found in 87.5% (6 out of 7) of the controllers and in 43.8% (7 out of 16) of the other workers. In the second round, 1 out of 9 UVline controllers and 2 out of 11 workers in the other group had skin contamination due to UV-coatings. In round one there was one controller at each UV-line, except at workplace 5 (two controllers), and in round two, additional workplaces had two UV-line controllers per work shift. Video monitoring indicated that UV-line controllers were the personnel that handled UV-coatings, whereas feeders and receivers took care of the controller's task only on special cases, for example during a UV-lacquer overflow accident. Skin contamination from TPGDA was found at all four sampling moments and was highest after a few hours of work (M2), followed by the beginning of the work shift (M1), after lunch break (M3), and at the end of the work shift (M4) ( Table 3 ). In the second round, three skin samples contained TPGDA: at the beginning of the work shift (n = 1) the mass was 23.8 µg and at the end of the work shift (n = 2) the mass averaged 30.6 µg.
From the hand samples (Fig. 2 ), 9% were positive in round 1 and only 0.4% in round 2, with an average of 5.4%. Skin exposure frequency was highest on the thumb (point A, n = 10) and middle finger (B, n = 10), followed by back of the hand (D, n = 9) and palm (C, n = 5) (Fig. 3) . The average TPGDA mass (per 10 cm 2 sampling area) on the standard sampling sites were as follows: A, 13.7±4.8 µg; B, 19.1±12.4 µg; C, 12.8±3.1 µg; and D, 71.4±152 µg. A total of 42 samples were collected from the forehead; two out of 19 samples collected in round 2 were positive with an average TPGDA mass of 30.5±22.7 µg.
Based on the questionnaire 82.6% of the workers had found UV-coatings on their skin once or more within a week during the first round and 75% during the second round. Eczema was observed or acknowledged by the worker in round 1 on 17.4% of the workers, and in round 2 on 25%. A typical worker wore cotton trousers and a Tshirt; some workers wore a college shirt or a working jacket in the winter. Working clothes were often changed at home; in round one 56.5% and in round two 50% of the workers did so. In both rounds, 45% of the workers said that they had noticed their working clothes had been sticky owing to contamination with UV-coatings when the working clothes were changed for clean ones. Half of the investigated workers change their clothes once per week, whereas the other half changed typically 1-2 times per week, depending on the dirtiness of the clothes. Safety shoes were used by 44% of the workers in round one and 50% in round two.
Two of the workers who were working with the quality inspection in the parquet manufacturing factory did not use protective gloves while checking the quality of the wood surface of the cured parquet pieces with bare hands. The most commonly used gloves were thin disposable vinyl gloves, which were used daily by 70% of the workers during round one and 45% during round 2. At three workplaces in both rounds, thick protective gloves of rubber or nitrile were used while working with UV-coatings.
All the UV-line controllers used protective gloves while working with UV-coatings, whereas protective gloves were seldom used on feeding or receiving work. If these workers used gloves, they were of a leather-cotton type.
Hand-wash frequency during the shift was divided into three categories: (1) 0-2 times; (2) 3-4 times; and (3) five or more times. In round one, 17.4% (4/23) of the workers belonged to category 1; 47.8% to category 2; and 34.8% to category 3. In round two, only two workers (10%) belonged to the lowest handwash frequency category; 25% (5 workers) belonged to category 2; and the majority of the workers (65%) to the third category.
Statistical tests (Student's t-test and ANOVA test) did not show any significant differences between skin exposure to UV-coatings at industries, workplaces, work groups, sampling intervals, sampling sites and the type of protective gloves used, and hand-wash frequency.
Airborne exposure to multifunctional acrylates was monitored for 18 workers in the first measurement round. The TPGDA concentration was highest in parquet manufacturing factories and on samples collected from the breathing zone of the UV-line controllers. For worker 12 in workplace 4 it was 5 µg m
Ϫ3
and for worker 18 in workplace 5, where the UVcuring line was encapsulated, it was 4 µg m Ϫ3 . All the other workers were exposed to TPGDA concentrations of under 3 µg m Ϫ3 , which was the detection limit. HDDA concentrations were below 3 µg m Ϫ3 for all personal sampling. Relative humidity (RH) at the workplaces during the first round was between 45 and 55% and the temperature was between 21 and 25°C.
DISCUSSION
Skin exposure is gaining increasing importance in exposure assessment, because it may be the dominating route of entry into the body in many occupations. Methods of measuring dermal exposure to skin irritants and allergens, such as acrylates, are lacking for exposure assessment.
In industrial settings the area of the body surface exposed to liquids and chemicals such as UV-coatings is difficult to estimate. Dermal exposure to certain chemicals, such as pesticides, has been successfully estimated with the aid of fluorescent tracer techniques, e.g. video imaging. However, the addition of fluorescent tracer to UV-coatings is not an acceptable practice in manufacturing production, and therefore this technique could not be employed in the present study.
Skin exposure to UV-coatings has not been previously investigated owing to a lack of validated skin sampling methods. Recently, a method of measuring skin and surface contamination from UV-coatings, employing TPGDA as a tracer, has been developed (Surakka et al., 1999) . In the present study this method has been employed in the furniture and parquet industry.
A pilot study clearly indicated that surfaces close to UV-curing lines are typically contaminated with uncured UV-coatings. Transfer of substances from contaminated surfaces or equipment on to the skin through direct contact is a common cause of dermal exposure to workers in the industrial workplace (Brouwer et al., 1999) . This is an important factor and it was investigated in a separate, parallel study (Surakka et al., 2000) .
The results from the pilot study indicated that the risk of skin exposure to UV-coatings is moderate in ordinary work, but extreme when UV-coating is removed and cleaned from the floor following accidental overflows in roller-coating units. We found that some workers had heavily contaminated skin during the latter task and skin protection was insufficient or completely absent.
In the pilot study, we performed skin sampling at various areas on the hand and lower arm. The results were not comparable to the standardized sampling sites utilized in the main study, but provided relevant information about the risk from dermal exposure to UV-coatings. After comparing these results with the removal efficiency results, obtained earlier in the laboratory studies (Surakka et al., 1999) , we could conclude that the developed method and selected tape can be successfully used even when contamination occurs at much greater levels in occupational settings.
Typically, when skin exposure to chemicals has been assessed the measurements are based on a single skin sampling at the end of the exposure period. Working conditions in industrial settings are likely to vary considerably from day to day, as well as during the work shift. Therefore, single skin sampling may lead to large errors or misinterpretations and has therefore been criticized (Cherrie and Robertson, 1995; Fenske, 1993; Fiserova-Bergerova, 1993) . In this investigation, we used an advanced sampling strategy. Skin exposure was measured at several precise moments during the work shift, a method that is known to decrease bias (Rappaport, 1994) . Questions might also be asked about the use of single tape stripping for measuring skin exposure, the removal efficiency, and the effect of possible residue left behind for the next sampling. However, this can be assessed from the results of our previous study-of the two successive strippings the first one removed 66% and the second one increased the yield 12% (Surakka et al., 1999) . The actual TPGDA masses observed on skin samples can thus be up to 52% higher, depending on the TPGDA concentration in the UV-coatings; this has not been studied.
Residue of acrylate may remain after single stripping and therefore the results were checked. However, only in two cases was TPGDA found from the same skin area following a subsequent sampling, whereas in most cases contamination was never found from the same worker in both rounds. Environmental variability is almost always much greater than the error of measurement and a critical need for inexpensive monitoring procedures of modest precision (for example with CV 50%) has been expressed (Rappaport, 1994) . The method employed here fulfils these requirements to a good accuracy (CV 12%), and therefore the effect of factors mentioned above on the results can be regarded as normal.
Workers' skin exposure monitoring during two different workdays was performed to enable analysis of a day-to-day variation between and within workplaces and work groups under normal production conditions. To obtain as complete a picture of the exposure as possible, workers were also interviewed with a questionnaire in both rounds. Office workers who did not come into contact with UV-coatings were used as references.
The low number of positive skin samples at the second round limited data analysis, and the result could not show any statistical difference in the skin exposure between measurement rounds or between any other explaining factors.
Exposure between workers and within the worker groups may vary significantly. We found skin contamination more common for the controllers than for the feeders and receivers, but the difference was not significant. A 15-fold variation in airborne exposure has been reported between workers (Rappaport et al., 1993) . In the wood surface coating industry, such data are lacking. Personal air monitoring indicated that the measured vapour concentrations of MuFAs (HDDA and TPGDA) in the workplace were very low compared to the Workplace Environmental Exposure Level Guide (WEEL) available for HDDA (AIHA, 1981) , and from this we concluded that the risk of contamination from airborne exposure is small.
The hands of the sampled workers are in frequent contact with different surfaces during UV-curing work and therefore there is a high risk of exposure to uncured UV-coatings. At each measurement, we took skin samples from a limited total skin area of 40 cm 2 . This was equal to one-tenth of the average skin surface area of a hand of 420 cm 2 (Ness, 1994) . However, the sampling was repeated three or four times from the same hand on different occasions, and this increases the total sampling area to 120 or 160 cm 2 . The difference in area depends on the number of sampling moments during the work shift. From a statistical point of view, standardized sampling sites do not affect the systematic error of this study; however, they increase the random error. In other words, we may have missed actual skin contamination owing to the fixed sampling sites.
Difference in the positive skin samples may depend on day-to-day variation of skin exposures and we can not with certainty state that this improvement in the second round is due only to increased awareness and better working practices. The hand-wash frequency during the work shift was also on average higher during the second round, which affected the probability of finding skin contamination. Six new workers were investigated in the second round, but only one of these had contaminated skin. At some roller-coating units at workplace 1, a new TPGDA-free UV-coating was used. These changes may have decreased the probability of finding skin contaminated with TPGDA. However, in this round we found TPGDA contamination occurring in two forehead samples, of which one was from the particular workplace using new TPGDA-free UV-coating. Another worker at the same company, but at another UV-line, had eczema on his nose after accidentally touching it with a hand contaminated by UV-coating. These are examples that indicate that there is a risk from transferring contamination from the hands to other unexposed skin areas, such as the face.
As a rule, skin contamination frequency of the four sampling sites was highest on the thumb and middle finger, which are also the areas most frequently in contact with surfaces, and less common on the palm and the back of the hand. The highest TPGDA mass from a single sampling site was found from the back of the hand of a UV-line controller.
Skin contamination was highest after a few hours of continuous work and lowest at the end of a shift. This may have several explanations. At the beginning of the shift, the controllers need to optimize, that is control and adjust the process and fill manually the containers for UV-coating along the UV-line. Therefore, the risk of direct skin contact with UV-coatings is higher at the beginning of the work shift. Another explanation can be that at some workplaces workers had already started work before sampling. One possible source of skin contamination was from the shoes worn by the worker, which were often contaminated with UV-coatings. This may also explain the higher than expected frequency of skin contamination at the beginning of the work shift. The workers' awareness of the risks with UV-coatings during the day may also have decreased the probability of finding positive samples at the end of the work shift.
The stability of the chemical analysis method was also checked as a possible reason for the low number of positive samples during the second round. The use of an internal standard (IS) in the solvent and analysis of standard sets for TPGDA together with each sample set, confirmed that the gas chromatographic analysis method was stable and sensitive. The skin samples were collected, extracted and analysed by the same researcher, to maintain the same accuracy and precision level in sample handling and analysis throughout the study.
The feeders and receivers did not usually use protective gloves for practical reasons-it is necessary for them to feel the surface and quality of the coated wood piece with their bare hands. Therefore, their hands were often contaminated with sanding dust from the cured UV-coating. Since their skin was invariably dry as a consequence, the adherence of the sampling tape for acrylates was as good as that occurring for normal skin. However, during some sampling moments, some workers had moist skin. This was observed to decrease the adherence of the tape to the skin. Fortunately, this happened with a few workers only and with few sampling sites and was not a significant source of error.
UV-line controllers regularly used some kind of protective gloves while filling the containers with the UV-coating, but were observed to check the quality of the recently coated and cured wood with their bare hands.
The answers to the questionnaires disclosed that the intensity of the worker's exposure is very much dependent on personal working habits and personal hygiene. In the wood surface coating industry, dermal exposure to multifunctional acrylates occurs upon dermal contact with uncured UV-coatings on the wood surfaces or through accidental spills. Low vapour pressure compounds such as acrylates can significantly increase dermal exposure because, if not noticed and cleaned by the worker, these compounds remain for long periods of time on the clothes and on the skin. Spills on working cloths can cause skin contamination and result in exposure of a large body surface for a longer period. Several workers reported this to have happened to them. The work rate on the UV-curing line is intense, which may decrease the alertness of workers to recognize and clean accidental spills from skin and contamination from their working clothes.
Several workers reported skin irritation after working with UV-coatings and 25% of the investigated individuals had eczema on their hands. Our result is in agreement with a larger investigation in this industry where 28% of the workers had present eczema or a history of eczema (Fischer et al., 1994) .
In conclusion, this study indicates that there is a risk of harm resulting from skin exposure to UV-coatings in the furniture and parquet industry and that contamination occurs throughout the work shift. Skin contamination from uncured UV-coatings, which remain wet on work surfaces for days, is common and that recommended hygiene around the UV-lines is often neglected. Though the skin area monitored was limited, we still found that skin exposure to UVcoatings occurred at almost every workplace for most of the workers, from all sampling sites and in all sampling moments, even at the beginning of the work shift. This may result from the transfer of UV-coatings, through contamination, on to work shoes or other surfaces or residue from previous the day's work. The routines in the use of protective gloves varied between workers and workplaces. Neglect in the use of gloves poses for some workers at high risk the prospect of experiencing direct skin contact with uncured UV-coated surfaces. Assessment of skin exposure to uncured UV-coatings through contact with contaminated surfaces in the workplace, the efficiency of typically used liquid soaps to remove UV-resin contamination from the hands, and the protection properties of typically used working clothes requires further investigation.
